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OPTICAL PROXIMITY CORRECTION (OPC) 
TECHNIQUE TO COMPENSATE FOR FLARE 

TECHNICAL FIELD 

The present invention relates generally to the ?eld of inte 
grated circuit device design and manufacture and, more par 
ticularly, to a method of correcting a photolithographic pat 
tern layout using an optical proximity correction (OPC) 
technique that compensates for ?are. 

BACKGROUND 

Optical lithography or photolithography has been Widely 
used in the semiconductor industry in connection With the 
formation of a Wide range of structures present in integrated 
circuit (IC) devices. The photolithography process generally 
begins With the formation of a photoresist layer on or over the 
top surface of a semiconductor substrate or Wafer (or some 
intermediate layer). A reticle or mask having fully light non 
transmissive opaque regions, Which are often formed of 
chrome, and fully light transmissive clear regions, Which are 
often formed of quartz, is positioned over the photoresist 
coated Wafer. 

The mask is placed betWeen a radiation or light source, 
Which produces light of a pre-selected Wavelength (e. g., ultra 
violet light) and geometry, and an optical lens system, Which 
may form part of a stepper or scanner apparatus. When light 
from the light source is directed onto the mask, the light is 
focused to generate a reduced mask image on the Wafer, 
typically using the optical lens system, Which contains one or 
several lenses, ?lters, and/or mirrors. The light passes through 
the clear regions of the mask to expose the underlying pho 
toresist layer and is blocked by the opaque regions of the 
mask, leaving that underlying portion of the photoresist layer 
unexposed. The exposed photoresist layer can then be devel 
oped, typically through chemical removal of the exposed or 
unexposed regions of the photoresist layer. The end result is a 
semiconductor Wafer coated With a photoresist layer exhibit 
ing a desired pattern, Which de?nes geometries, features, 
lines and shapes of that layer. This pattern can then be used for 
etching underlying regions of the Wafer. geometries, features, 
lines and shapes of that layer. This pattern can then be used for 
etching underlying regions of the Wafer. 

There is a pervasive trend in the art of IC device design and 
fabrication to increase the density With Which various struc 
tures are arranged and manufactured. As such, minimum line 
Widths (often referred to as critical dimension (CD)), separa 
tions betWeen lines, and pitch are becoming increasingly 
smaller. For example, nodes having a CD of about 45 nanom 
eters (nm) to about 65 nm have been proposed. In the sub 
micron processes employed to achieve devices of this scale, 
silicon yield is affected by factors such as reticle/mask pattern 
?delity, optical proximity effects and photoresist processing. 
Some of the more prevalent concerns include line end pull 
back, comer rounding and line Width variations. These con 
cerns are largely dependent on local pattern density and topol 
ogy. 

Optical proximity correction (OPC) has been used to 
improve image ?delity. In general, current OPC techniques 
involve running a computer simulation that takes an initial 
data set, having information related to the desired pattern or 
layout, and manipulates the data set to arrive at a corrected 
data set in an attempt to compensate for the above-mentioned 
concerns. Brie?y, the OPC process can be governed by a set 
of geometric rules (i.e., “rule-based OPC” employing ?xed 
rules for geometric manipulation of the data set), a set of 
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2 
modeling principles (i.e., “model-based OPC” employing 
predetermined behavior data to drive geometric manipulation 
of the data set) or a hybrid combination of rule-based OPC 
and model-based OPC. 
The computer simulation can involve iteratively re?ning 

the data set using, for example, an edge placement error value 
as a benchmark for the compensating process. That is, the 
data set can be manipulated based on the rules and/or models 
and the predicted placement of the edges contained in the 
pattern can be compared against their desired placement. For 
each edge, or segment thereof depending on hoW the edges 
are fragmented in the data set, a determination of hoW far the 
predicted edge/ segment placement deviates from the desired 
location is derived. For instance, if the predicted edge place 
ment corresponds to the desired location, the edge placement 
error for that edge Will be Zero. 

While conventional OPC techniques have been effective 
for generating OPC edge movements to correct for proximity 
effects and other manufacturability concerns, these OPC 
techniques have been based on a simulation that does not 
include or otherWise take into account scattered light Within 
the photolithography apparatus or scanner. HoWever, all scan 
ners produce undesirable scattered light that reaches the 
image plane, Which is commonly referred to as ?are. Flare can 
lead to several deleterious effects, such as degraded image 
contrast and CD variation. 

Accordingly, a need exists in the art for an improved OPC 
technique that compensates for ?are. 

SUMMARY OF THE INVENTION 

According to one aspect of the invention, the invention is 
directed to a method of adjusting a reticle layout to compen 
sate for ?are. The method can include determining a localiZed 
reticle pattern density across the reticle layout and determin 
ing a relationship betWeen reticle pattern density and edge 
adjustment. For a given feature of the reticle layout, an edge 
of the feature can be adjusted by a given amount based on the 
localiZed reticle pattern density adjacent the given feature. 

According to another aspect of the invention, the invention 
is directed to a program embodied in a computer-readable 
medium to correct a reticle layout topology for ?are. The 
program can include code that determines a localiZed reticle 
pattern density across the reticle layout and code that deter 
mines a relationship betWeen reticle pattern density and edge 
adjustment. The program can further include code that, for a 
given feature of the reticle layout, adjusts an edge of the 
feature by a given amount based on the localiZed reticle 
pattern density adjacent the given feature. 

These and other features of the invention are fully 
described and particularly pointed out in the claims. The 
folloWing description and annexed draWings set forth in detail 
certain illustrative embodiments of the invention, these 
embodiments being indicative of but a feW of the various 
Ways in Which the principles of the invention may be 
employed. 

BRIEF DESCRIPTION OF DRAWINGS 

These and further features of the present invention Will be 
apparent With reference to the folloWing description and 
draWings, Wherein: 

FIG. 1 is a schematic diagram of an exemplary photolitho 
graphic apparatus for patterning Wafers With reticle data cor 
rected in accordance With the present invention; 

FIG. 2 is a schematic block diagram of a computer system 
capable of executing an optical proximity correction (OPC) 
simulation tool in accordance With the present invention; 
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FIG. 3 is a ?oW chart illustrating a method of correcting for 
critical dimension (CD) variation due to ?are in accordance 
With one embodiment of the present invention; 

FIGS. 4A-4F are schematic diagrams illustrating a meth 
odology for determining localiZed pattern density across a 
reticle layout pattern; 

FIG. 5 is a ?oW chart illustrating a method of correcting for 
critical dimension (CD) variation due to ?are in accordance 
With one embodiment of the present invention; 

FIG. 6 is a schematic diagram illustrating a methodology 
for determining a length scale of ?are to be corrected for in 
accordance With the present invention. 

FIG. 7 is an exemplary plot of scattered light intensity 
versus reticle pattern density for use in accordance With the 
present invention; 

FIG. 8 is an exemplary plot of edge adjustment versus 
scattered light intensity foruse in accordance With the present 
invention; 

FIGS. 9A-9D are schematic diagrams illustrating a meth 
odology for determining CD change as a function of scattered 
light intensity in accordance With one embodiment of the 
present invention; and 

FIGS. 10A-10C are schematic diagrams illustrating a 
methodology for determining CD change as a function of 
scattered light intensity in accordance With another embodi 
ment of the present invention. 

DISCLOSURE OF INVENTION 

In the detailed description that folloWs, corresponding 
components have been given the same reference numerals 
regardless of Whether they are shoWn in different embodi 
ments of the present invention. To illustrate the present inven 
tion in a clear and concise manner, the draWings may not 
necessarily be to scale and certain features may be shoWn in 
someWhat schematic form. 
One aspect of the present invention includes a method of 

correcting or otherWise adjusting a reticle layout pattern to 
compensate for ?are using an optical proximity correction 
(OPC) simulation tool. The OPC simulation tool can use 
rule-based and/or model-based correction techniques to 
modify the reticle layout pattern for layout on a mask (or 
reticle) used in photolithographic processing of an IC Wafer. 
The method of correcting the reticle layout can include deter 
mining a localiZed pattern density across the reticle ?eld and 
determining a relationship betWeen pattern density and edge 
adjustment. For a given edge or feature of the reticle layout, 
the edge of the feature can be adjusted by a given amount 
based on the average pattern density adjacent the given edge 
or feature. 

The present invention Will be described herein in the exem 
plary context of the design, layout generation and manufac 
turing processes for ultimately patterning a semiconductor 
layer (e.g., polysilicon) that forms a part of an IC device. 
Exemplary IC devices can include general use processors 
made from thousands or millions of transistors, a ?ash 
memory array, SRAM (static random-access memory) cells 
or any other dedicated circuitry. HoWever, one skilled in the 
art Will appreciate that the methods and systems described 
herein can also be applied to the design process and/or manu 
facture of any article manufactured using photolithography, 
such as micromachines, disk drive heads, gene chips, micro 
electro-mechanical systems (MEMS) and the like. 

With reference to FIG. 1, an exemplary photolithography 
apparatus 100 (sometimes referred to as a scanner) for manu 
facturing or otherWise processing IC devices is provided. The 
photolithography apparatus 100 can include a light source 
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4 
110, Which illuminates an aperture plate 120. The light source 
110 can include any suitable light source, such as an excimer 
laser, providing light at a Wavelength of 248 nm, 193 nm or 
157 nm, using, for example, a KrF source, aArF source, a P2 
source, etc. The light source can produce light having a Wave 
length in the ultraviolet (UV), vacuum ultraviolet (VUV), 
deep ultraviolet (DUV) or extreme ultraviolet (EUV) range. 
In one embodiment, the aperture plate 120 can include any 
aperture geometry that provides off-axis illumination, includ 
ing, but not limited to dipole illumination, quadrupole illu 
mination, double-dipole illumination and annular illumina 
tion. Alternatively, another off-axis illumination generating 
means, such as a suitable diffractive optical element, can be 
employed. 

Light or other actinic energy passing through the aperture 
plate 120 can be condensed or otherWise focused by a lens 
system 130 onto a mask or reticle 140 having a desired layout 
pattern thereon. In one embodiment, the mask 140 can 
include a transmissive binary mask having a chrome pattern 
etched on a quartz substrate. HoWever, it is to be appreciated 
that other masks, such as re?ective masks, phase-shifting 
masks, attenuated or otherWise, and the like, can be employed 
in order to provide off-axis illumination. At least the 0th and 
I“ order diffraction components of the light passed by the 
mask 140 can be focused by a lens system 150 onto a target 
160, such as a photoresist-coated substrate or Wafer. 
As is described more fully beloW, the photolithography 

apparatus or scanner 100 can produce or otherWise include 
varying amounts of scattered light that unintentionally 
reaches or otherWise falls on the image plane or Wafer. For 
purposes of this discussion, such scattered light that uninten 
tionally reaches the Wafer plane Will be referred to as “?are”. 
It is to be appreciated that ?are can include light re?ected or 
scatter by one or both of the lens systems 130, 150. In addi 
tion, some scattering can be caused by imperfections in one or 
more of the lens systems 130, 150 as Well as scattering in the 
color centers of one or both of the lens systems 130, 150. In 
addition, light may re?ect off of the reticle 140 (i.e., off either 
or both of the chrome portions and/ or quartZ portions of the 
reticle). The above-described re?ections and/or scatterings 
can cause multiple re?ections Within the scanner, thereby 
resulting in scattered light reaching the image plane and caus 
ing defects, such as degraded image contrast, critical dimen 
sion (CD), variation and the like. 

Turning noW to FIG. 2, a schematic block diagram of a 
computer system 200 capable of executing an OPC simula 
tion tool 210 in accordance With the present invention as Well 
as other design processes using electronic design automation 
(EDA) tools 225 is illustrated. As indicated, the OPC simu 
lation tool 210 can be used to iteratively make adjustments to 
a reticle layout to account for variations or distortions caused 
by ?are. While the present invention is being discussed With 
respect to OPC techniques to compensate for unWanted scat 
tered light or ?are, it is to be appreciated that the OPC simu 
lation tool 210 can also be used to iteratively make adjust 
ments to a reticle layout, using one or more appropriate 
?gures of merit (FOM), to account for other variations and/or 
distortions, such as optical distortions caused by the pattern 
itself (e.g., optical interference, diffraction, etc.). In one 
embodiment, the simulation tool 210 is embodied as a com 
puter program (e.g., a softWare application including a com 
pilation of executable code). 

To execute the OPC simulation tool 210, the computer 
system 200 can include one or more processors 220 used to 
execute instructions that carry out a speci?ed logic routine. In 
addition, the computer system 200 can include a memory 230 
for storing data, softWare, logic routine instructions, com 
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puter programs, ?les, operating system instructions, and the 
like. The memory 230 can comprise several devices and 
includes, for example, volatile and non-volatile memory 
components.As used herein, the memory 230 can include, for 
example, random access memory (RAM), read-only memory 
(ROM), hard disks, ?oppy disks, compact disks (e.g., CD 
ROM, DVD-ROM, CD-RW, etc.), tapes, and/ or other 
memory components, plus associated drives and players for 
these memory types. The processor 220 and the memory 230 
are coupled using a local interface 240. The local interface 
240 can be, for example, a data bus, accompanying control 
bus, a netWork, or other subsystem. 

The computer system 200 can include various video and 
input/output interfaces 250 as Well as one or more communi 
cations interfaces 260. The interfaces 250 can be used to 
couple the computer system 200 to various peripherals and 
netWorked devices, such as a display (e.g., a CRT display or 
LCD display), a keyboard, a mouse, a microphone, a camera, 
a scanner, a printer, a speaker, and so forth. The communica 
tions interfaces 260 can be comprised of, for example, a 
modem and/or netWork interface card, and can enable the 
computer system 200 to send and receive data signals, voice 
signals, video signals, and the like via an external netWork, 
such as the Internet, a Wide area netWork (WAN), a local area 
netWork (LAN), direct data link, or similar Wired or Wireless 
system. 
The memory 230 can store an operating system 270 that is 

executed by the processor 220 to control the allocation and 
usage of resources in the computer system 200. Speci?cally, 
the operating system 270 controls the allocation and usage of 
the memory 230, the processing time of a processor 220 
dedicated to various applications being executed by the pro 
cessor 220, and the peripheral devices, as Well as performing 
other functionality. In this manner, the operating system 270 
serves as the foundation on Which applications, such as the 
OPC simulation tool 210, depend, as is generally knoWn by 
those of ordinary skill in the art. 

With reference noW to FIG. 3, one embodiment of a method 
of correcting or otherWise adjusting a reticle layout to com 
pensate for ?are is provided. The ?oW chart of FIG. 3 can be 
thought of as depicting steps of a method implemented on or 
With the assistance of the computer system 200 of FIG. 2. 

The method, as speci?ed by the OPC simulation tool 210, 
can begin at step 300 With a beginning or initial reticle layout 
corresponding to a desired topology of an IC layer provided in 
the form of a data set (also referred to as a target database). 
Typical formats for the shapes of a layout data set or target 
database include GDS II and CIF. As Will become clear 
through the folloWing description, the OPC simulation tool 
210 acts on this topographical data set to assist in the design 
or production of a ?nal reticle layout that Will be used to 
achieve the desired IC layer topology through the photolitho 
graphic process. 

In one embodiment, the data set can include geometrical 
representations of the structures to be formed on the Wafer 
from a layer of material, including layout information regard 
ing the siZe and relative position of each structure. For 
example, if the layer is to be used to form polysilicon gate 
electrodes, the data set can include a plurality of rectangles 
(and other polygons) With location information such that, 
upon ultimate formation of the gate electrodes, the gate elec 
trodes are formed over a substrate of the Wafer in locations to 
de?ne corresponding channels betWeen a source and a drain 
of each device. 

At step 310, a localiZed reticle layout or pattern density can 
be determined. In one embodiment, this includes logically 
stepping across the entire reticle pattern and calculating aver 
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6 
age pattern densities (also referred to as optical densities) 
Within a sampling WindoW of a given siZe (also referred to as 
an optical radius). As is described more fully beloW, the siZe 
of the sampling WindoW can be determined and/or varied 
depending upon the ?are characteristics associated With the 
particular scanner. 

With additional reference to FIGS. 4A-4F, schematic illus 
trations of an exemplary reticle space 400 are provided. The 
exemplary reticle space 400 includes a portion of a reticle 
layout or pattern 410. For purposes of this discussion, the 
exemplary reticle space 400 and reticle layout or pattern 410 
(and the OPC adjustments thereto) Will be described in con 
nection With a clear-?eld mask or reticle. An exemplary clear 
?eld mask can include a binary mask in Which the layout 
pattern is dark (typically formed of chrome) and the ?eld 
region outside of the pattern is clear (typically corresponding 
to a quartz substrate). HoWever, it is to be appreciated that the 
methodology described herein is also applicable to dark-?eld 
masks (Where the ?eld region is dark and the pattern de?ned 
therein is clear). 

In one embodiment, the localiZed density of the reticle 
pattern 410 can be calculated or otherWise determined (step 
310) by logically stepping or scanning a sampling WindoW 
420 across the reticle pattern 410 along one or both directions 
(e.g., along the x-direction and along the y-direction) and 
calculating or otherWise determining the average reticle pat 
tern density Within the sampling WindoW at a number of 
positions across the reticle ?eld. For example, sampling of the 
localiZed reticle pattern density can begin With the sampling 
WindoW 420 in a ?rst position (illustrated in FIG. 4A) and 
continue With the sampling WindoW 420 stepped across the 
reticle pattern 410 (e.g., along the x-direction) to a second 
position (illustrated in FIG. 4B) and on to a third position and 
fourth position (illustrated in FIGS. 4C and 4D, respectively). 
At each position or location Within the reticle ?eld, the 

density of pattern coverage (also referred to as optical den 
sity) Within the sampling WindoW can be calculated or other 
Wise determined using, for example, a suitable geometric 
engine or softWare tool. Such softWare tools are understood 
by those skilled in the art and, therefore, Will not be described 
here in greater detail. 
The sampling WindoW illustrated in FIGS. 4A-4F has a 

square geometry. HoWever, it is to be appreciated that other 
sampling WindoW siZes and geometries (e.g., a circle, an 
ellipse, etc.) can be employed Without departing from the 
scope of the present invention. As is described more fully 
beloW, the siZe and shape of the sampling WindoW, as Well as 
the step siZe betWeen successive samplings, can be deter 
mined or otherWise selected based on the scale of the reticle 
pattern as Well as characteristics of the ?are associated With 
the particular scanner being employed in the photolitho 
graphic processing. In one embodiment, the ratio betWeen the 
Width or diameter of the sampling WindoW (depending upon 
sampling WindoW geometry) and the step siZe betWeen suc 
cessive samplings can have a ratio of about 2:1 to about 10:1. 
For example, in one embodiment, the step siZe betWeen suc 
cessive samplings may be about 2 microns, While the siZe of 
the sampling WindoW may be about 5 microns. In another 
exemplary embodiment, the step siZe betWeen successive 
samplings may be about 1 micron, While the siZe of the 
sampling WindoW may be about 5 microns. 
At each sampling position Within the reticle ?eld, the aver 

age pattern density Within the sampling WindoW and the coor 
dinates or position of the center of the sampling WindoW can 
be recorded. Sampling of the entire reticle ?eld can result in 
a localiZed reticle pattern density map, such that, for any 
given coordinate (or edge) the average pattern density can be 
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provided for use in determining the appropriate OPC edge 
adjustment to compensate for ?are. For example, it can be 
seen that the average reticle pattern density is considerably 
greater Within the sampling WindoW at the position illustrated 
in FIG. 4A than it is at the position illustrated in FIG. 4D. 

With continued reference to FIG. 3, step 320 can include 
determining a relationship betWeen reticle pattern density and 
edge adjustment. It is to be appreciated that the relationship 
betWeen reticle pattern density and edge adjustment can also 
be thought of in terms of a relationship betWeen reticle pattern 
density and CD variation. The relationship betWeen reticle 
pattern density and edge adjustment (or CD variation) can be 
thought of as including a relationship betWeen reticle pattern 
density and scattered light intensity and a relationship 
betWeen scattered light intensity and edge adjustment (or CD 
variation). As is described more fully beloW, the relationship 
betWeen reticle pattern density and edge adjustment (or CD 
variation) can be determined experimentally by manipulating 
the optical density around a feature having a given CD and 
determining the variation or change in the CD as a function of 
optical density. Alternatively, this relationship can be deter 
mined (oftentimes beforehand) using an appropriate simula 
tion tool. The relationship betWeen reticle pattern density and 
edge adjustment (or CD variation) can be expressed in terms 
of an appropriate plot and/or a lookup table. 
At step 330, one or more edges of features of the reticle 

pattern can be moved or otherWise adjusted based on the 
average reticle pattern density of the WindoW(s) in Which the 
particular edge is located. As is described more fully beloW, 
this step can be performed iteratively until all edges of the 
reticle pattern are adjusted to compensate for ?are. It is to be 
appreciated that clear-?eld features (i.e., dark pattern features 
on a clear mask) Will have their edges moved outWard in order 
to compensate for ?are, While dark-?eld features (i.e., clear 
pattern features on a dark mask) Will have their edges moved 
inWard in order to compensate for ?are. 

In an alternative embodiment, the methodology described 
above With reference to FIG. 3, can be carried out by system 
atically selecting edges of features Within the reticle pattern 
and calculating an average reticle pattern density Within a 
WindoW of predetermined siZe around the selected edge 
(rather than creating a map of localiZed reticle pattern density 
across the entire reticle ?eld). Each edge can then be adjusted 
accordingly based on a relationship betWeen reticle pattern 
density and edge adjustment, as is described above. 

With reference noW to FIG. 5, one embodiment of a method 
of correcting or otherWise adjusting a reticle layout to com 
pensate for ?are is provided. As discussed above With refer 
ence to FIG. 3, the ?oW chart of FIG. 5 can be thought of as 
depicting steps of a method implemented on or With the 
assistance of the computer system 220 of FIG. 2. 

The method can begin at step 500, Where the ?are charac 
teristics associated With the particular scanner can be deter 
mined or otherWise characteriZed. In this manner, it can be 
determined Whether the particular scanner being employed 
demonstrates shorter range ?are, longer range ?are or some 
combination of the tWo. For purposes of this discussion, 
shorter range ?are can be thought of as scattered light that 
tapers off Within a distance of about 250 nanometers to about 
5 microns from a bright area or reticle layout pattern feature. 
Conversely, longer range ?are can be thought of as scattered 
light that tapers off Within a distance of about 5 microns to 
about 5 millimeters from a bright area or reticle layout pattern 
feature. 

FIG. 6 is a schematic diagram illustrating a methodology 
for determining or otherWise characterizing the length scale 
of ?are for a particular photolithographic scanner. FIG. 6 
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8 
includes an exemplary test reticle space 600, Which includes 
a plurality ofdifferent siZed features 610, 620, . . . , 660. While 

the embodiment illustrated in FIG. 6 includes a plurality of 
square pads of varying siZe and density, it is to be appreciated 
that the test feature 610, 620, . . . , 660 can be of any suitable 

geometry, including, but not limited to, rectangular, circular 
and the like. In one embodiment, the reticle test pattern 600 
can be exposed to illumination of varying exposures, ranging 
from the nominal exposure up to and including over exposure. 
Alternatively, the patterning or printing of the reticle test 
pattern 600 can be simulated for varying exposures in order to 
determine or otherWise characteriZe the ?are associated With 
the particular scanner being employed. In one embodiment, 
this can be accomplished using the simulation tool 210, such 
as CALIBRE® by Mentor Graphics Corp. As can be seen 
from FIG. 6, the test features 610, 620, . . . , 660 are of 

decreasing siZe. For each degree of exposure, the pattern 600 
can be studied to determine the smallest features that print 
before being Washed aWay by ?are. In this manner, the length 
scale of the ?are can be determined or otherWise character 
iZed. 
Once the ?are characteristics have been determined at step 

500, the optical radius (i.e., the siZe of the sampling WindoW) 
can be determined at step 502. For example, if it is determined 
that the particular scanner being employed exhibits longer 
range ?are, then a sampling WindoW having a larger radius 
can be selected. Conversely, if it is determined that the scan 
ner being employed exhibits a shorter range ?are, a smaller 
optical radius can be selected for sampling the localiZed 
reticle pattern density. In one embodiment, a sampling Win 
doW of a given siZe can be stepped across the reticle pattern in 
one direction (e.g., the x-direction) and a sampling Window of 
a different siZe can be stepped across the reticle pattern in 
another direction (e.g., the y-direction). 
Once the ?are associated With the scanner has been char 

acteriZed (step 500) and an appropriate optical radius has 
been selected (step 502), the method can continue at step 504 
With a beginning or initial reticle layout corresponding to a 
desired topology of an IC layer provided in the form of a data 
set (also referred to as a target database). Typical formats for 
the shapes of a layout data set or target database include GDS 
II and CIF. As discussed above, the OPC simulation tool 210 
acts on the topographical data set to assist in the design or 
production of a ?nal reticle layout that Will be used to achieve 
the desired IC layer topology through photolithographic pro 
cessing. 
At step 510, the localiZed reticle pattern density can be 

determined. As discussed above With respect to FIGS. 3 and 4, 
this can include logically stepping or scanning a sampling 
WindoW of a given siZe across the entire reticle pattern and 
calculating average optical densities Within the sampling 
WindoW. As discussed above in connection With step 502, the 
siZe of the sampling WindoW or optical radius can be deter 
mined and/ or varied depending upon Whether the particular 
scanner being employed demonstrates long-range and/or 
short-range ?are characteristics. At each sampling position 
across the reticle pattern, the average pattern density Within 
the sampling WindoW and the coordinates or position of the 
center of the sampling WindoW can be recorded, thereby 
resulting in a localiZed reticle pattern density map. 

At step 520, the relationship betWeen reticle pattern density 
and scattered light intensity can be determined. It is to be 
appreciated that, for the particular scanner being employed, 
this step can be determined Within the sequence illustrated in 
FIG. 5 or, alternatively, predetermined out of the sequence 
illustrated in FIG. 5. In one embodiment, the relationship 
betWeen reticle pattern density and scattered light intensity 
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can be experimentally determined using suitable test patterns 
of features of varying siZe and density. It is generally under 
stood that as the density of features increases, the scattered 
light intensity adjacent thereto decreases, as shoWn in the 
exemplary plot of FIG. 7. 

At step 522, the relationship betWeen scattered light inten 
sity and CD change can be determined. As discussed above 
With respect to step 520, step 522 can be performed in the 
sequence illustrated in FIG. 5. Alternatively, step 522 can be 
predetermined, thereby providing a lookup table or curve of 
CD change versus the scattered light intensity. FIG. 8 illus 
trates an exemplary plot of edge adjustment (to correct for CD 
change due to ?are) as a function of scattered light intensity. 
It is to be appreciated that FIG. 8 shoWs tWo plots 800, 810 
demonstrating the relationship betWeen edge adjustment (to 
correct for CD change due to ?are) and scattered light inten 
sity. The upper plot 800 demonstrates this relationship for 
clear-?eld features, While the loWerplot 810 demonstrates the 
relationship for dark-?eld features. 

FIGS. 9A-9D and FIGS. 10A-10C schematically illustrate 
tWo embodiments for determining a relationship betWeen 
scattered light intensity and CD change. It is to be appreciated 
that both of these methodologies involve manipulating opti 
cal densities around a feature of a given line Width. FIGS. 
9A-9D include a line 900 having a line Width of approxi 
mately the desired CD, Which is surrounded by a clear box 
910, Which is surrounded by a dark box 920. In FIGS. 9A-9D, 
the optical density around the critical feature 900 is progres 
sively decreased by decreasing the siZe of the clear box 910. 
In this manner, the Width of the feature 900 or change therein 
can be experimentally determined as a function of scattered 
light intensity and/or optical density. It is to be appreciated 
that the methodology of FIGS. 9A-9D can be employed to 
determine the relationship betWeen scattered light intensity 
and CD change for a clear-?eld feature. This relationship can 
be determined for a dark-?eld feature by making dark the 
portions 900 and 920, While making clear the box 910. 

FIGS. 10A-10C illustrate another embodiment for deter 
mining a relationship betWeen scattered light intensity and 
CD change. In this embodiment, a feature 1000 having a line 
Width of approximately the desired CD is surrounded by 
tiling of dark features (such as squares). The siZe of the 
squares of the tiling 1010 can be progressively reduced 
(thereby reducing the optical density around the critical fea 
ture 1000), as shoWn in FIGS. 10A-10C. The methodologies 
illustrated in FIGS. 9A-9D and 10A-10C canbe implemented 
either experimentally (by patterning a Wafer With the various 
reticle layouts shoWn in FIGS. 9A-9D and 10A-10C) or by 
simulating the patterning thereof using an appropriate simu 
lation tool, as has been described above. 

While, in one embodiment, steps 520 and 522 have been 
described as being performed separately, it is to be appreci 
ated that these steps provide a single relationship (Which can 
be expressed in terms of a lookup table or a suitable curve) 
betWeen pattern density and CD change. 

At step 530, edges of features Within the initial reticle 
layout can be adjusted based on the average density of the 
sampling WindoW in Which the edge is located. As is 
described above, clear-?eld features can have their edges 
moved outWard in order to compensate for ?are, While dark 
?eld features can have their edges moved inWard in order to 
compensate for ?are. Once all of the edges Within the reticle 
layout or pattern have been adjusted appropriately, an OPC 
corrected reticle data set can be output for photolithographic 
processing or further data manipulation. 

Although the illustrations appended hereto shoW a speci?c 
order of executing functional logic blocks, the order of execu 
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10 
tion of the blocks can be changed relative to the order shoWn. 
Also, tWo or more blocks shoWn in succession may be 
executed concurrently or With partial concurrence. Certain 
blocks may also be omitted. In addition, any number of com 
mands, state variables, Warning semaphores, or messages can 
be added to the logical ?oW for purposes of enhanced utility, 
accounting, performance, measurement, or for providing 
troubleshooting aids, and the like. It is understood that all 
such variations are Within the scope of the present invention. 
Although particular embodiments of the invention have 

been described in detail, it is understood that the invention is 
not limited correspondingly in scope, but includes all 
changes, modi?cations and equivalents. 

What is claimed is: 
1. A method of adjusting a reticle layout to compensate for 

?are, said method comprising: 
determining a localiZed reticle pattern density across the 

reticle layout; 
determining a relationship betWeen reticle pattern density 

and edge adjustment; and 
for a given feature of the reticle layout, adjusting an edge of 

the feature by a given amount based on the localiZed 
reticle pattern density adjacent the given feature. 

2. The method of claim 1, Wherein the step of determining 
a localiZed reticle pattern density includes: 

determining a reticle pattern density Within a sampling 
WindoW of a predetermined siZe. 

3. The method of claim 2, Wherein the step of determining 
a localiZed reticle pattern density includes: 

stepping the sampling WindoW across the reticle layout. 
4. The method of claim 3, Wherein the siZe of the sampling 

WindoW and the siZe of the steps betWeen successive sam 
plings have a ratio of about 2:1 to about 10:1. 

5. The method of claim 2, Wherein the siZe of the sampling 
WindoW is determined based on a characterization of the ?are. 

6. The method of claim 5, Wherein characterizing the ?are 
includes: 

providing a plurality of features of a given shape and a 
decreasing siZe; and 

progressively exposing the plurality of features to illumi 
nation of increasing exposure to determine Whether the 
?are is long-range ?are and/ or short-range ?are. 

7. The method of claim 6, Wherein the steps of providing a 
plurality of features and progressively exposing the plurality 
of features are performed experimentally or via simulation. 

8. The method of claim 6, Wherein long-range ?are 
includes scattered light that tapers off Within a distance of 
about 5 microns to about 5 millimeters from a bright reticle 
area; and short-range ?are includes scattered light that tapers 
off Within a distance of about 250 nanometers to about 5 
microns from a bright reticle area. 

9. The method of claim 8, Wherein the siZe of the sampling 
WindoW is increased if the ?are is long-range. 

1 0. The method of claim 1, Wherein determining a relation 
ship betWeen reticle pattern density and edge adjustment 
includes 

determining a relationship betWeen reticle pattern density 
and scattered light intensity; and 

determining a relationship betWeen scattered light inten 
sity and edge adjustment. 

11. The method of claim 10, Wherein determining a rela 
tionship betWeen scattered light intensity and edge adjust 
ment includes creating a plurality of test patterns, the plurality 



US 7,422,829 B1 
11 

of test patterns including a dark feature having a desired line 
Width, said dark feature being surrounded by a progressively 
shrinking clear region; and measuring changes in the line 
Width of the dark feature as a function of the siZe of the clear 
region. 

12. The method of claim 10, Wherein determining a rela 
tionship betWeen scattered light intensity and edge adjust 
ment includes: 

creating a plurality of test patterns, the plurality of test 
patterns including a dark feature having a desired line 
Width; 

varying optical density around the dark feature; and 
measuring changes in the line Width of the dark feature as 

a function of the optical density around the dark feature. 
13. The method of claim 10, Wherein determining a rela 

tionship betWeen scattered light intensity and edge adjust 
ment includes creating a plurality of test patterns, each test 
pattern being created by: 

providing a dark feature, said dark feature having a desired 
line Width; 

surrounding the dark feature by a clear-?eld box; 
surrounding the clear-?eld box by a dark background; 
progressively reducing the siZe of the clear box; and 
measuring changes in the line Width of the dark feature. 
14. The method of claim 10, Wherein determining a rela 

tionship betWeen scattered light intensity and edge adjust 
ment includes creating a plurality of test patterns, each test 
pattern being created by: 

providing a dark feature, said dark feature having a desired 
line Width; 

surrounding the dark feature by a plurality of regularly 
spaced dark boxes; 
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progressively decreasing the siZe of the plurality of regu 

larly-spaced dark; and 
measuring changes in the line Width of the dark feature. 
15. The method of claim 1, Wherein adjusting the edge of a 

feature by a given amount includes: 
for clear-?eld features, adjusting the feature edge outWard. 
16. The method of claim 1, Wherein adjusting the edge of a 

feature by a given amount includes: 
for dark-?eld features, adjusting the feature edge inWard. 
17. A program embodied in computer-readable medium to 

correct a reticle layout topology for ?are, said program com 
prising: 

code that determines a localiZed reticle pattern density 
across the reticle layout; 

code that determines a relationship betWeen reticle pattern 
density and edge adjustment; and 

code that, for a given feature of the reticle layout, adjusts an 
edge of the feature by a given amount based on the 
localiZed reticle pattern density adjacent the given fea 
ture. 

18. The program of claim 17, said program comprising: 
code that determines reticle pattern density Within a sam 

pling WindoW of a predetermined siZe; and 
code that steps the sampling WindoW across the reticle 

layout. 
19. The program of claim 18, said program comprising: 
code that characterizes the ?are; and 
code that determines the siZe of the sampling WindoW 

based on the characterization of the ?are. 
20. A program storage medium comprising the program as 

set forth in claim 17. 


